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Introduction

Designated as an estuary of national significance by Congress in 1987, Long Island Sound (LIS) is home
of flora and fauna, with oV eltisaMestiry bflrecreationgh e op | e
commercial, and socioeconomic value. The Sound is bordered by the states of Connecticut and New Yor
watershed area extending through Massachusetts, New Hampshire, Vermont, Maine and Quebec that er
16,000 square miles. Nearly nine (9) million people Live within the watdrahdukeD\aridjent tthin&ound
effects of increased nutrient loading as a result of urbanization and changé2dh4and use (Latimer

The term "hypoxia" means low dissolved oxygen (DO) concentrations in the water. Marine organisms nes
low concentrations, depending on the duration and the size of the area affected, can have serious conse
ecosystem. As defined by the Long Island Sound Study, hypoxia exists when DO drops below a concent
per liter (mg/L), although ongoing national research suggests that there may be adverse affects to organi
this level. Nutrients, especially nitrogen, fuel the growth of microscopic algae called phytoplankton in the
phytoplankton die and settle to the bottom. Bacteria break down the organic material from the algae for fc
using up oxygen. Seasonal weather patterns, particularly during the summer months, exacerbate the effe
loading. Calm weather patterns limit the mixing of the water column and replenishment of oxygen to the &
resultingandecrease in bottom water DO over the coursHypakie @omditions are mainly confined to the
western Sound.

In resporeehe critical need to document summer hypoxic conditions in Long Island Sound, the Connectic
Energy and Environmental Protection (CT DEEP) and the Interstate Environmental Commission (IEC), hi
dissolved oxygen, as well as other key water quality parameters €l@¢aiitio rspantipresects a
summarydattaollected by CT DEEP and IEC during the 2018 hypoxia season.
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Methods Overview

Since 1991, CT DEEP has conductedranmatevatimequesity monitoring program on Long Island Sound. Phy
-chemical parameters (temperature, salinity, DO, pH, and water clarity), nutrient samples, and plankton s
collected monthly from 17 sites on a year round basianBegidrerte mdmglthr&eptember an

additional survey is added that samples up to 48 stations everycbtraicakbpartonphersi¢ol

IEC has conducted summer season monitoring in the far Western Long Island Sound (WLIS, Figure 1, m
East River since 1991. Since 2014, | ECO6s moni t
nutrients, to al i gn i-themical tiata fr&@nr22 dEdhdon a weekly basis andn .
biweekly samples for nutrient paramgt@sdinning in October 2018, IEC expanded its WLIS monitoring prc
sample yeaund.

The Long Island Sound Integrated Coastal Observing System (LISICOS) was established in 2003 as a c
regional/national ocean observing system. The system was conceptualized as part of a water quality mol
that combined the traditidrasdeshipoint sampling surveys with cetimiewsampigg stations. LISICOS
continuously monitors in situ water quality parameters and meteorological parameters at up to eight stati
Sound. Sensors are attached to a moored buoy at various depths (surface, mid, bottom). Data are transr
minutes in 1@k via satellite where they are stored in a database and upleasisEhm thstéhSIEOS
maintaingyglthe Univers@@pohecticut.

CT DEEP and IEC data provide a snapshot of hypoxic conditions during a specific timeframe while the L
continuous measurement of hypoxia at specific buoy locations. Together these monitoring programs are
characterize the extent and duration of hypoxia across LIS. Both types of data contribute to a better unde
hypoxia in LIS.

Further information on sampli~~ ~~-

analytical methods for water i
parameters can be foundin t
approve&dEEIECandISICOS ? 2 u ot OB G
Quality Assurance Project Pl =& 2

Di ssolved oxy
22 stations a
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and areal estimates that are | =
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Figure 1. Hypoxia Monitoring Stations in Long Island Sound
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CT DEEP collects monthly surface and bottom water samples from ten stations (triangles asd t8cles, FigL
for phytoplankton community analyses. Stations
phytoplankton population structure and edoftheer si t
phytoplankton material s fr om Zhamgand Lihr3ph8pteearevp@dtessed
and analyzed by researchers with the Marine Sciences Department at the University of Goraecticut. Res
project repsubmitted to CT DEEP. Collection methods and processing methods ar@auéilablesirancEPA a

Project Plan

CT DEEP collects monthly composite water samples and conducts oblique plankton tows fietibsitx stations
ed across LIS for zooplankton community analyses. Samples are processed and analyzed by researchers
Department at the University of Connecticut. Results arejeetadsddmitted to CT DEEP (Dam and McMant
2018). Collection methods and processing methods are avail@abigitin AssBERA@ppraved Plan

Figur2 Location of Plankton Sampling Stations across Long Island Sound
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Quality Assurance

The IEC and CTDEEP have been collecting data from the Sound since 1991. Both IEC and CTDEEP
collect high quality data. IEC and CTDEEP sample collection and handlingamuoeear €3uatiyoutlined in
Assurance Project Plans (QAPPs3@eddfimsthodard operating procedures (SOPs, see Methods section
hyperlinks to program quality assurance documents). Shared program goalermctlzadelasentdining a lon:
collected information and monitoring the extent of hypoxia within the Sound throughout the summertin
midSeptember) to assess achievement of the Comprehensive Conservation and Management Plan (C

Measures of data quality include completeness, representativeness, and comparability.

In 2018, IEC achieved an overall completeness rate of 95.8%; one run was terminated early due to un
conditions, resulting in 11 missed station visits. CT DEEP completed 40Matatiochlosapliyl2018. The
survey was not conducted due to weather, resulting in 6 missed stations visits and a 98.5% completer

IEC and CT DEEP met their data quality objectives for representativeness and comparability as specif
QAPR&tation locations for both programs were chosen to be representative of ambient conditions Sour
expansion of I EC6s program to year round moni
temporal conditions. Most sampling and analytical procedures have remained unchanged over the col
program. Consistent field and laboratory procedures, well documented by the appropriate SOPs, help
reproducible@@. checks performed by the programsod an
verifications (CCV), blanks, duplicates and spike samples are used to flag suspect data and to ensure
of the results. Additionally, CT DEEPs analytical iabl{zytcopgtesisom@ program that provides data
specifically to assess the analytical | aboirat
produce data comparable to several other labc#® . ‘
in the Northeast adlamitc regions of the UnitecEEas
IEC hopes to begin participatinglabtbampaltsoi==
program in 2019. ‘
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RESULTS

Dissolved Oxygen

For Long Island Sound, DO levels below 3 mg/L are considered
animals to leave and sessile animals to die or be physically or bg
However, early studies in LIS by CT DEEP Marine Fisheries bio
become limiting below 4.8 mg/L for sensitive fish species, while
are not affected until DO falls below 2 mg/L (Simpson et al, 1995
documented a 4% reduction in finfish biomass when DO-R@eisg
a 41% reduction occua @n2gll DO, and an 82% reduction in waters with
concentrations between 1.0 and 1.9 mg/L. Finfish biomass is reduced by 100% (total avoidadte) in waters
(Simpson et al, 1995, 1996).

CT DEEP conducted eight surveys during the summer of 201B3eterebaviagtBQffiable 1). At some point du
course of the season, stations 03, C2, A4, 12, 13, 21, B3, and D3 exhibited hypoxia. Hypesticvegaditions we
(Table 1). Summaries of @TeDEER by s ampl i ng aebsieavail able on 't he

IEC conducted twelve surveys during the summer of 2GiRitReweenbhirE2#8 (Table 1). Hypoxic conditions \
during five surveys ( e xwateusthiomsgxhibitetbhgppxc eandition®etatitae m
course of the season. Summar i eesitemf | EC weekly s

Dissolved oxygen plots from stations in WLIS are =availahla in

. . Maximum Area and Duration of Hypoxia
AppendiAH data are available upon request. 1987.2018 [June-September

Pre-TMDL Area Ave =208 miZ PostTMDL Area Ave. =153 mi® [ 240
r 320

450

400

Timing and Duration
The 2018 hypoxic event lasted 385 dajamatdrbgan
on July BBetween Audtaid Bugust 22nd there w
clear period when DO concentrations rose and re .,
3.0 mg/L for 8 days. DO concentrations dropped o
3.0 mg/L again and remained below 3.0 mg/L un =
8" This is also evident in the continuous data col o ==&&EE&ESEEEELE
LISICOS Execution RoChmipacsd to the previous
years, 2018 was well below the average of 55 de

r o220

Area(mi?)
B
ay

Figure 3. Maximum Area and Duration of Hypoxia. Blue bars
area, white triangles represent duration, greeyelime is|the five
rolling average of hypoXiceatetal area of Long Island Sound i
1,320
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e
Area estimates

In order to maintain the continuity and comparédititydetaheelpageal estimates are based on ATIO®EEP data ¢
expected that data fr&@1B@1ll bénterpolated using both the CT DEEP and IEC stations at SOmBp&Rtandhe
IEC data are synoptic and provide a snapshot of hypoxic conditions during a specific timet@d@Sosiataa broz
provide a continuous measurement of hypoxia at specific buoy locations over a more detaitetisgpaityof time
between the datasets.

Estimated Maximum Area Between 3.0 and 4.8 mg/L

In 2018, the maximum area of LIS bottom waters between 3.0 and 4.8 mg/L occurred during thatWQSEP 1.
545 miFrom 19018, the area affectedtbytrations between 3.0 andvéraged/68ana varied slightly from 398
to 601mi

Estimated Maximum Area Below 3.0 mg/L

The 2018 peak hypoxic event octuftéeduiing aniSEET LG elsetween 27 and 29 August. The maximum aree
51.6 square mi@smpared to the preyearsa8érage, 2018 was below average in area (Figure 2). The lowest c
concentration (2.34 mg/L) documented by CT DEEP during 2018 occurrédpsn 82 A1 RAtiSimvoest4

dissolved oxygen concentration documented by IEC during 2018 at an open water station was 1.53 mg/L a

StationClf\ppendix A, pdhekecution Rockgeébarged its lowest reading, 0.30 mg/L, on 9/6/d8ewhi thel
Buoyecorded itsd | owest reading, 1.65 mg/ L, on 8/

Estimated Maximum Area Below 2.0 mg/L

Based on CT DEEP data, in 2018, bottom water dissolved oxygen concentrations were not |éss than 2.0 m
concentrations less than 2caloujdted fron2028E 49.13 i 2018, based on CT DEEP estimates, there were (
DO <2.0 mg/L. IEC documented concentrations below 2.0 mgiteasskaishairopeigust and twowéatbeir ope
stations on 28 August. At the LISICOS Execution Rocks buoy, there were 25.11 cumulative days below 2.(

)]

o)

THE FREOL’ENCY OF HYPOXIA IN LONG ISLAND SOUND B’QPTOM WATE{R.S
b \
£ (S,

Estimated Maximum Area Below 1.0 mg/L } w} P

CT DEEP and IEC did not document DO concentrations ‘H e ® o 5 o
However, this year the LISICOS Execution Rocks buoy (1 | e, Y\

a minimum DO of 0.30 mg/L and 9.22 cumulativedaysii | N
less than 1.0 Tdpée overall average area affecte@i®m 19! L
mf. The greatest area with DO below 1 mg/L (62 square 1|

summer of 2003.

Percent of Hy poxic Years

with DO Concentrations
<3.0mglL

| kBt -8
| R .10
| EERY ER
EE] X

w.s0 [l w000

Frequency e AR
The percent of WLIS stations that experience hypoxic conuiuons conunues o .
be between 90 and 100% (Figure 4). However, stations@2nD3pE1 ¢y TEauency of Hypoxia in Long |
showing improvementn t he 19906 s t-80% of the taneQdNd BoBOmMValgiSe r e hy p o
while over the past four years they were hype3@2oolythboubd.0
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WATER
TEMPERATUK

10 1
Water temperature plays a t Station
in the timing and severity of 8- i ——
summer hypoxia events. W M Hﬁ‘l i
temperature differences in tl 6 - —A- F2
Western Sound during the s & >
months are particularly influ =,
contributing to the difference E
dissolved oxygen content b 5.
surface and bottom waters.
density stratification of the w ol P
column creates a barrier bet by 1" TATAR—A
surface and bottom waters, , il . , . , . , . , . ,
this barrier, the pycnocline ( > ® = > = > ¥ 2 F$ 2 g
the change in density with d ,ﬁﬁ’ rﬁ‘}@ ,;9@ "\«}"G’ Jﬁ’ ,ﬁ@ q,:,&'é» q;:‘?“@ ﬁ‘@ 4&\@ @’9‘@

its greatest), that prevents n

between the layers. i _ R
Figure 5. Progression of Stratification across Long Island Sot

In 2018, stratification began to set up in May (Fighedtd)T= surface water temperature minus bottom water ten
Delta Tdés (the difference between surface and b
water temperature) peaked in the Western Narrows in early July. Destratification (f&ll turnover) began arot
September. The 2018 maximum surface temperature was 26.18°C recorded on July 31 at Station H4. The
temperature was 0.16°C at Station A4 recorded on January 11.

Yearly Average Temperature of Long Island Sound
BOth Surface and bOt’[C # average bottom temperature B average surface te mperature
water temperatures in 20.00
appear to be increasin
surface and bottom O 18.00 u — - _ o
temperatures from CT| *© s " ", m
17 year round monitor, = 16.00 l = L
stations are averaged % .'—'_—/— [ ¢ =m
then plotted in Figure ¢ 5 14.00 . Faes
o ¢ * * ry *
Additional information 5 12.00 m_2*, : * .
: - + m * ¢
available orLiB& webs *
10.00 *
Temperature data are 8.00 I I I I I . .
availabletippendix B 1985 1990 1995 2000 2005 2010 2015 2020
Year

Figure 6. Yearly Average Water Temperatures of Long Islz
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Water Clarity

Water clarity in Long Island Sound follows a west to east gradient, with clarity improving as you move e:
(Figure 7). The graph below highlights this gradient preserinhigd Qtghs!Akdddetmnadial

station (A1 near the Whitestone Bridge) had an average summer Secchi disk depth of 1.5 meters, wher
most axial station (M3 near Fishers Island) had an average summer Secthe disktdepth of 4.2 meters.
portion of Long Island Sound is a wide and deep channel with considerable influx from the Atlantic Oces
exchange of waters increases water clarity in the Eastern Sound. The Western Sound is more narrow a
compared to the Eastern Sound and its surrounding land is densely populated and developed. This rest
exchange of waters and also increases thetpottetarasioamshe water that may affect water clarity.

Individual station data fra613Giké availabigandix C

Average Summer Water Clarity in Long Island Sound 2018 -- CT DEEP and IEC Data

4.5

4 ©
: o ©|0
25 @

Secchi Disk Depth (m)
(%)

0.5

Al AZM A3 A4 A5 B3 D3 F3 H4 12 M3
Station

¥

Westto East

Figure 7. 2018 Average Summer Water Clarity across Long Island Sound
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pH

In Long Island Sound eutrophication can contribute to coastal acidification (Wallace etgak, 2014). Exc
and phytoplankton growth. As the phytoplankton die and decay, carbon dioxide (CO2) is released. Thi
effect on pH as carbon dioxide from atmospheric deposhiope(NEC ANbB&Hedjeased guidelines

for measuring changes in pH and carbonate chemistry in eastern coastal waters in 2018 (Pimenta anc
four parameters are needed to describe the seawaterna@yrial€ §yistentved inorganic carbon), alkalinit
and pH, along with temperature and salinity measurements. As of 2018, CT DEEP and IEC only collec
parametensH. In 2019, the LISICOS Western Sound buoy will be equipped with a pCO2 sensor.

Data from the-2018 monitoring seasons, are/Aavadable [

Chlorophl

Thepring phytoplanktoétursin Long Island Sound between February and April. Historically high leve
chlorophyll a in the Western Sound during this time have been linked to summertima hypoxia conditior
samples are collgetecbunby CT DEEP while IEC currently only samples during the summer months. B
October 2018, IEC sampling will evquant to year

In 2018, the spring bloom occurred during March, April, and May. The maximum chlorophyll a concen
measured in LIS in 2018 occurred at Station A4 on July 5. A minor fall bloom occurred in September :

2012018 data are avaikabbeimlix E

Nutrients

DEEP has collected monthigtadtoemtl 7 stations since 1991. IEC began
collectingviéekly nutrient data in the summer of 2014 at 11 of their 22 si
Sed\ppendioirdissolved organic carbon (DOC), dissolved inorganic
phosphorus (DIP), dissolved silica (SiO2), and nitrate + nitrite (NOXx) da
select stations for the last 5 years. Data for these and additional nutrien
parameters from all 17 of DEEPs stations and 11 IEC stations are avalil
request.
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Phytoplankton

In 2018, UCONN researchers analyzed 11C
bottom water samples for phytoplankton cor  *
abundance and composition. Ninety four (9:
identified from the surface watertsgoypbektd *
abundance was classified by the scientists i
2018, in the surface waters, there was a me
bloom in January, a major early summer blc
and a smaller late summer bloom in Septen
8). The assemblages were dominated by di
throughout all four seasons in 2018 (Figure
Western Sound stations exhibited higherce
Eastern Sound stations with A4 having the |
average monthly cell counts.
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Nov
Dec I

Fronzhang and Lin,
2018.

(Above) Figure 8 .
Temporal and spatial
variation of
phytoplankton species
number in LIS surface
water samples in 2018.

(Left) Figared)
Spatial distribution of
phytoplankton
abundance in LIS
surface water samples
and (B) Temporal
changes in phyto
plankton cell concentra-
tion in LIS surface
water samples in 2018.
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Zooplankton

Data presented ar@0dofithe most recent year

available. Bullet points and graphs were excerpted fr
Dam and McManus$st{atias)B3 was not sampled in

April 2017.

1 Of the 10 phyla (Annelida, Arthropoda, B

Bryozoa, Chaetognatha, Chordata, Cnidari

Ctenophora, Echinodermata, and Mollusc

found in LIS, the Arthropoda, especially copepods,
dominated the mesozooplankton composijtion

F2, Feb. 2017 !

Barnacle larvae

(nauplii
1%

throughout the year.

1 Mesozooplankton abundance increased |
during the first half of the year, with a spr|
April, and reached the yearly maximum ir
stations (Figure 10).

1 For 2017 peak abundance occurred at st
followed by station H4. Station K2, in the
Sound continues to show the lowest abuli

F2, Nov. 2017

1 The three dominant species among COp€pvus vurmrrus

to beldcartia hudsawdgemora longicdbarisy
the winter and springcanie fodseing the

summer. However, this latter species is 1
LIS almost year round. In 2017, it was or
and June.

Mesozooplankton abundance (ind/L)
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Figure 10. From Dam and McManus 2018.

A.
B.

C.

A

Mesozooplankton composition (expressed as percentage abundance
May, 2017

Mesozooplankton composition (expressed as percentage abundance)
November, 2017

Total mesozooplankid@QQQ@en) abundance for the-Perin@ 0&R.

Each point is the average of duplicate samples at each station.
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Discussion
Weather

Thélortheast Regional Climate Center (NRCC) at Cornell University is tasked with

disseminating climate data and information for 12 states, including NY and CT. The

summer of 2018 was warm and wet (Figures 11 and 12). The season started out with near

normal temperatures and average rainfall in June but Mother Nature turned up the heat,

humidity, and precipitation in July. August was the second warmest on record for the

Northeast and the rains persisted. The deluge continued into Septesghes 20d HPHAREE. 2018 Average
first half of October; in fact it was the wettest September on recordéghﬁﬁggﬁmgé/%l&re Departure in °F
8.59 inches of rain recorded (247%ctotmentainperatures were warmer than

normal for the first part of the month although the second half of the month air

temperatures trended toward colder. fiais nlmmase information is useful as

physical processes influence the timing and diBedibonoketyaloX2015),

Wil son et. al., (2015) and O6Donnell et. al
systems traveling to the North of LIS during the summer months impacts hypoxia,

particularly that westerly winds increase stratification and easterly winds reduce

stratification.

CCMP Goals

The Long Island Sound Study (LISS) updated the Comprehensive Conservation and

Management Plan (CCMP) for LIS in 2016 CUReCagdin=ifgunove water

quality by reducing contaminant and nutrient loads to the Sound. To Bighisvé2hd-gnals|RIEC. 2018 Northee
LISS identified ecosystem targets and indi¢atoosieglatzdden loading, Ré§lon Total Precipitation

water clarity

Hypoxia
1 The maximum area of hypoxia in the bottom waters of LIS (shall]) meas208bhT btOledueeabiesrtopre

increase attainment of water quality standards for dissolved oxygen by 20@6aarimaagLaearbgéehe i
size of the zone.

Meeting the ecosystem target for maximum area of hypoxidhe ah8gidDduheeliie. for maximum area of
hypoxia is 208 square mile2(tte faat running average is 89 square miles (Figure 2). This istheb7% redu
preTMDL baseline. Hiontbeeryork is needed to achieve water quality standards and meet the CCMP goal.
variability from year to year still exists and the extent is influenced by weather.

While outside the scope of this report, it would be beneficial to examine each station for atsaitiment of wat
respect to the 3.0 mg/L threshold, as well as the 4.8 mg/L threshold. This would be a betterd@asure of th
criteria attainment. Additionally, it would be useful to examine the duBatigiiLofi€¥©dh ehel8Rdtexamine

the water column profiles at each station.
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